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:تأثير مادة القش على األداء الحراري للمباني في المناطق الحارة والجافة
مدينة الرياض كحالة دراسية

 كميات ضخمة من الطاقة خالل فصل الصيف، عاصمة المملكة العربية السعودية، تستهلك المباني في مدينة الرياض:ملخص البحث

 ومن اهم العوامل التي توثر على احمال التبريد هو اإلشعاع الحراري المكتسب في المباني من خالل الحوائط.لتبريد الفراغات الداخلية

 ومن طرق. لذلك من الضروري حماية الغالف الخارجي للمبني من ظروف المناخ الخارجية خاصة في فصل الصيف.واالسقف والنوافذ
 ويعتبر استخدام القش كأحد أساليب بناء العمارة البيئية والتي تهدف.الحماية أستخدام مادة القش لبناء او عزل الحوائط الخارجية للمبانى
 ولهذا يقوم هذا البحث بدراسة مدى تاثير.إلى استغالل المواد الطبيعية لحماية الغالف الخارجي للمبنى من الظروف المناخية الخارجية

.استخدام مادة القش على األداء الحراري للمباني عن طريق قياس األداء الحراري لغرف اختبارية بنيت من قبل الباحث لهذا الهدف

 مع ضرورة التهوية،وبعد جمع وتحليل النتائج اتضح أن هناك تاثير فعال إلستخدام القش في الغرفة المعدلة خالل ساعات النهار

 هذا البحث سوف يساعد المصممين المعماريين والباحثين في تحسين األداء الحراري للمباني ليس فقط في. الطبيعية خالل المساء
.مدينة الرياض بل في جميع مدن العالم والتي تقع في مناخ حار وجاف

Abstract
A huge amount of energy is consumed by buildings in Saudi Arabia to cool indoor spaces particularly during summer
season. In this regard, attention should be given to the environmental design strategies in the design of buildings during
the early stages in order to minimize the cooling load inside buildings. This research considered using straw bale as one
of the passive solar design methods that could protect buildings envelope from the harsh outdoor environment. This
research assesses the effectiveness of using straw bale as an insulator by conducting field experiments. Two experimental
chambers were built to achieve the experiments. The results of the experiments showed several significant benefits in
using straw bale in a buildings’ construction, especially in hot and dry climates. Straw bale was able to reduce the indoor
air temperature to 5.7 °C and the average reduction was 3 °C during the day. The findings of this research can be used to
improve buildings’ design and performance not only in Riyadh City but also in all hot and arid regions.

1.

INTRODUCTION

Riyadh City is categorized as a place having a hot and
dry weather with very little rainfall during summer. As
a result, this increases cooling loads in buildings
rapidly as the buildings could not confront the
outside’s harsh environment, where the maximum air
temperature occasionally reaches up to: 47 °C in
summer in the region of Riyadh, Saudi Arabia [1][2].
Hence, about seventy percent (70%) of the generated
energy is consumed by buildings in the Kingdom of
Saudi Arabia [1]. In this regard, energy efficient
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buildings’ design have to be in great consideration to
minimize energy consumption.
This research probes straw bale as a passive solar
design approach to protect the indoor from heat gained
through walls and roofs. Straw bale is a naturally dry
material that can be used effectively in the
construction of buildings. The results of this research
illustrate the effectiveness of using straw bale as an
insulating material to improve the thermal
performance of buildings.
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1.1. RESEARCH PROBLEM
A huge amount of energy are consumed by buildings
to cool indoor spaces in the central region Riyadh,
Saudi Arabia [1]. Therefore, passive solar design
strategies should be introduced to a building’s design.
One effective solution is to use natural materials in
construction such as straw bale to minimize the heat
conductivity of buildings’ envelop. In Saudi Arabia,
the straw bale is still not being utilized in buildings.
Hence,
this
research
highlights
several
recommendations and design guidelines for architects
to improve the thermal performance of buildings
during summer seasons by applying straw bale in the
early stages of the building’s design.
1.2. RESEARCH OBJECTIVES
This research has two objectives which are:
1. To evaluate the effectiveness of using Straw Bale on
the thermal performance of buildings in Riyadh, Saudi
Arabia.
2. To demonstrate design recommendations for
buildings that are located in hot, arid climates in
general and for Riyadh region in particular.
1.3. RESEARCH SIGNIFICANCE
Riyadh is located in a hot dry region where the summer
daytime temperature could reach 48C [1]. Straw Bale
as a passive cooling design strategy is an effective
design principle that can enhance the thermal
performance of buildings. It is affordable, locally
available, and an environmentally friendly material.
Unfortunately not much research studies have been
addressed yet regarding straw Bale as a passive
cooling design strategy in Saudi Arabia. As a result,
this research intends to stress the importance of
protecting buildings’ envelope from the summer solar
radiation by using natural materials such as straw bale
that conserves cooling loads in buildings. This
research also evaluates the effectiveness of straw Bale
on the thermal performance of buildings in Riyadh
City as a case study by conducting field experiments.
1.4. RESEARCH METHODOLOGY
The investigation and findings of this research were
achieved by two methods;
1- Literature review: The theoretical foundation for
this research have been obtained by a literature review
related to straw bale design strategy as one of the
environmental design principles.
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2- Field experiments: Two identical experimental
chambers were built by the author to fulfill the
objectives of this research. All the case studies had an
identical design, orientation, construction methods and
materials as shown in figures (1, 2).
2.

LITERATURE REVIEW

Reduction in thermal energy consumption in buildings
is essential to reduce carbon dioxide (CO2) emissions.
The choice of “green” technology in buildings is the
right decision that builders make during the early
stages of a building’s design, [3]. Reducing cooling
loads in buildings that are located in hot dry regions is
one of the most challenging for architects and
engineers. One of the most important environmental
design strategies in this type of weather is to protect
buildings’ envelop from the surrounding solar
radiation. Solar radiation as a source of heat does have
a big impact on the indoor spaces. Heat is transferred
into buildings by direct solar radiation, conduction,
and by convection, [1]. All of these methods can
increase the indoor air temperature of buildings.
Hence, passive solar design strategies should be
considered during the early stages of a building’s
design to minimize the heat transferred into indoor
spaces, such as using local and natural materials in the
building's construction. Even though the world
became aware of the importance of the environmental
buildings’ design, there are still a lot of buildings in
developed and more in developing countries that have
not met the standards of energy-saving building
strategies, [4][5].
One of the passive solar solutions is using materials
with low conductivity in buildings’ envelop that could
cope with the surrounding climate. [6] state that
materials with high mass are not necessarily good
insulators. Good insulation depends upon the ability to
resist the conductivity of heat. Hence, using natural
materials with low heat conductivity is important to
reduce the heat gain received through walls and the
roof. One of the natural materials that can be found
locally and minimize heat gain in buildings is straw
bale. According to [7] thermal conductivity of straw
bale is 0.048 W/mK. Mass from the bales is renewable
and non-toxic and provides more insulation than
conventional stick-frame construction and can make
the buildings more energy efficient [8]. Straw bales
are dry stalks of wheat, barley, or any cereals plants. It
is a by-product of agriculture and grows within a few
months. It can also be grown on saline or low quality
land. After the grain and chaff have been removed, it
will be then gathered in a bundle (Bale) tightly bound
with twine or wire, as the product would be the straw
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bale. Straw can as well be grown within less than a
year in a sustainable production system [9].
In addition, straw bale has been used for building for
thousands of years, and was first used as a building
material in the Sand hills of Nebraska, USA in the late
19-th century, shortly after the invention of bailing
machines [10]. The oldest buildings are more than 100
years old and are still inhabited [11]. At that time, the
Bales stacked were available locally and can be used
easily and people tried to utilize their site resources to
build their shelters. [12], states that straw bale can be
mixed with clays in earth construction techniques such
as wattle, plaster and adobe in traditional buildings in
all over the world. Traditional buildings get benefits
from using straw bale because it was locally available,
inexpensive and environmentally friendly and is a
prime example of a sustainable ecological building
material [13]. Straw bale is an environmental friendly
material, because it can be recycled if the building is
no longer needed and is demolished [14]
It can effectively insulate indoor spaces in buildings
from outdoor climates [11]. Once the edible part of the
grain has been harvested (such as wheat or rice), the
stalks often become a disposal problem for farmers.
By bailing the straw, a new life is given to the material.
In addition, the farmer makes some profit by selling
the Bales to the homebuilder who receive an excellent
insulation and building material.
Likewise, using straw bale can reduce the heating
loads during wintertime and minimize cooling loads
during summer because of its high insulating
properties, which would keep running cost low and
minimizes environmental impact. Therefore, straw
bale provides an excellent platform with the
combination of insulation and mass, creating a passive
solar building design during both the winter and
summer season [15]. Straw, which has been an
unwanted waste product, could provide a wide range
of benefits, [15]. For example, buildings insulated with
straw bale can have insulation values of R-30 to R-35
or more and the thicker the Bale, the better the R-value
[16].

methods and materials. Both chambers were built by
concrete blocks of 20cm-thick with reinforced
concrete columns and slabs. They were also finished
with 2cm-thick plaster to match the real construction
materials and methods used in Saudi Arabia. Each
room has a southern 1 m2 window (Figures 1 and 2).
Air temperature and relative humidity measurement
devices were placed on a 150cm stand inside the case
studies to assess their thermal performance (Figures 3,
4 and 5). Same device used to measure the outside air
temperature and relative humidity.
The calibration between the two chambers showed that
both chambers have similar condition and thermal
performance. The differences in the measured air
temperature ranged between 0.05ºC to 0.6ºC. The
maximum difference reached 0.6 ºC at 5pm. The
differences in the relative humidity were also
insignificant. They ranged between -2.6 % to 4.4 %,
(Figure 6 and 7).
The two experimental rooms were monitored while
straw bale was added on the western and southern
walls as well as the roof of the “modified case” (Figure
8). These façades were covered by straw bale because
they receive long and intense solar radiations. The size
of the straw bale blocks used in the experiments was
30X30X50 cm. The thermal performance of the
experimental chambers were monitored for thirty days
during the month of August, when the air temperatures
reach its maximum in Riyadh City [1].
3.1 EQUIPMENT
Tinytag Ultra data logger devices were used for the
experiment. They were used to assess the thermal
performance of the test chambers and to assess the
outdoor air temperature, indoor air temperature and
humidity. Gemini Tinytag Ultra logger is a small,
lightweight, self-contained device with a memory of
1800 readings, which has a logging interval of 1 sec to
10 days, recording min, max and actual readings and
up to 5 years of battery life. All devices are battery
powered (Figure 3).

Based on that, this research intends to highlight the
significance of using straw bale as insulation
materials not only in Riyadh City but also in all hot
dry regions.
3.

FIELD EXPERIMENT

The researcher conducted experiments by building two
identical experimental chambers. All the case studies
had an identical design, orientation, construction
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Figure (3): Gemini Tinytag Ultra data loggers
were used in the experiments.

Figure (1) Plans, sections and elevations of the test
chambers.
The Gemini Tinytag Ultra loggers were launched
on a personal computer using a Gemini Logger
Manager (GLM) software. Gemini Logger
Manager (GLM) Software was also used to set the
loggers up to start logging and to download data
from them after they were collected from the
experiments. The downloaded data was viewed,
saved, printed, copied to the clipboard and
exported to a Spreadsheet to be translated into
tables and charts.

Figure (4): Data logger inside test room No. 1.
Figure (2): The two identical chambers, under
construction.
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Figure (5): Data logger inside test room No. 2.

Figure (8): Straw Bale was installed to the
Modified Case.

4.

Figure (6): Calibration in Air Temperature
between the Base Case (BC AT) and the Modified
Case (MC AT) and Outdoor.

Figure (7): Calibration in Relative Humidity
between Base Case (BC RH) and Modified Case
(BC RH).

FINDINGS

The main goal of the experiments is to demonstrate the
comparison in the thermal performance between the
base case and the modified case where the straw bale
was installed. The comparison’s results show that
there are significant reduction in indoor air
temperatures by using straw bale as a protection
material. The maximum decrease in air temperature
reached 5.7 °C inside the modified case during the day
(Figure 9). The average reduction was also 3 °C during
the day inside the modified case.
In addition, the air temperature inside the modified
case was slightly higher during night and early
morning. The maximum difference between the two
chambers reached 2.9 °C during the early morning.
The average increase in indoor air temperature was
1°C in the modified case during midnight and early
morning. Apparently, this is due to the lack of the
natural ventilation in the modified case during night.
In addition, the warm air was stored inside the
modified case during night and early morning due to
the insulation factor of straw bale. However, this can
be easily resolved by natural ventilation inside
buildings during night.
Moreover, there are slight differences in the relative
humidity (RH) between the two cases. The results
show that the relative humidity of the modified case
was higher by 1.8 % during noon. On the other hand,
the relative humidity in the modified case was less than
the relative humidity in the base case by 1.7% during
night. (Figure 10).
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buildings to maximize the protection from the solar
radiation. Straw bale also should be installed on the
walls for the multi-story buildings especially on the
walls that are facing West and South. Extended
research and computer simulation should also be
conducted in future research to demonstrate further
analysis and design guidelines.
6.
Figure 9: Comparison in Air Temperature (A.T.)
between Base Case and Modified Case.
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